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Abstract 
Some products for the construction industry are formed and compacted by pressing. This method has its advantages 
and disadvantages. It is desirable when the moulded element has a complex geometric shape. The study presents 
important properties of compacted cement and ceramic products used in ultrasound. This method detected the zone 
well compacted and poorly compacted. This explained the reasons for the unsatisfactory stability of homogeneous 
products. Defectiveness of respondent ceramic tiles and gres tiles was correlated with composite output density 
heterogeneity. Application testing of the method allows control the production, primarily to improvement of 
compression methods during the development of production technology and rejection of defective products when 
applied to the current control. It is possible to divide a class of products for quality, rapid response to damage to the 
moulding machines etc. 
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1. Introduction 
Defects in some products formed using the pressing method were the incentives to focus on the causes of their 
unsatisfactory durability, even though they were classified as products of very good quality. The tests were 
conducted on cement roof tiles and gres ceramic tiles. Both products are formed using the method of pressing dry 
input substances. One made of cement mortar, the other one of ceramic mix. The roof tiles have a relatively 
complicated cross-section with thicker and very thin areas which could be the cause of heterogeneity, and the 
ceramic tiles are the simplest cuboid shape which suggests that compaction of the substance in the product should be 
uniform [1]. The damage appearing in these products (fig. 1, 2) indicate the existence of defects not detectable using 
the standard control method [2] consisting in determination of a bending force in the middle cross section.  
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Fig. 1 Examples damaged roof tiles and gres tiles after placing them in their place of destination (in the roof slope and in the floor). 
2. Testing method 
For testing uniformity of selected material features, the ultrasound method [3, 4, 5] is well suitable. Bearing in 
mind the complicated shape of roof tiles, heads with a flat contact surface with the material under test cannot be 
used. ‘Spot’ heads with exponential waveguides are very useful for testing products of complex shape [4, 6]. The 
superficial method of passing the ultrasound impulse between the transmitting and receiving head (fig. 2) was 
chosen. 
 
a)  
b)  
Fig. 2 Layout of measuring points on the tested products (no. test section): (a) cement roof tile, (b) ceramic tile. 
Constant length of measurement route equal to 35 mm in roof tiles and 70 mm in ceramic tiles was assumed. In 
the roof tiles, apart from the layout of the measurement points shown in fig. 2, areas near cracked corners were also 
examined. In the ceramic tiles, the velocities of surface wave Cp were tested along the entire width in twelve cross 
sections (fig. 2b). Heads with frequency 40 and 100 kHz were used. The ultrasound measurement method is shown 
in fig. 3. 
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Fig. 3 Method of testing roof tiles in the workstation in the laboratory a), and ceramic tiles in the industrial floor b). 
In total, 6 roof tiles with cracked fragments and 6 new roof tiles without damage, 16 tiles in the floor and 8 new 
floor tiles were tested. Half of them had damage (cracked corners of tiles in the floor and delaminating or chipping 
on side surfaces of new tiles). In the purchased package, approx. 50% of tiles had damage on side surfaces (fig. 4). 
This damage did not have any effect on the level of bending force which is tested according to the standard [2], 
however they had an effect on ultrasound wave velocity. 
 
   
Fig. 4 Typical damage to the new gres floor tiles. 
Velocity of surface wave Cp was determined using the dependency 
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   [km/s]   (1) 
where: 
x length of route passed by ultrasound impulse [mm] 
x tn passing time of ultrasound impulse [μs] 
For the roof tiles, in addition to velocity measurements, also a correlation dependency was determined between 
the velocity of ultrasound wave Cp and the strength of the tested cement composite fc: 
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fc=4x10-4exp 9,5882 Cp    [MPa]   (2) 
3. Test results 
3.1. Cement roof tiles 
The first observation is ascertaining of the very considerable variability of compressive strength in various roof 
tiles. Comparing strengths in the areas with the highest width, it is within the range from 41 to 75 MPa (tab.1). 
Table 1 Average compressive strength of cement composite in various areas of roof tiles for 10 selected elements, measured in MPa.  
Roof tiles Roof tile 
no. 
Testing area (fig. 2). 
A B C D-E F-G H-I for cracking 
damaged 
from the roof 
1 23.2 43.9 74.1 26.8 75.4 8.9 14,3 
2 21.5 45.8 52.6 36.4 58.3 14.5 12,6 
3 23.2 63.7 64.9 24.3 55.4 10.5 11,6 
4 22.7 69.0 63.7 24.7 63.5 9.7 12,2 
Average 22.6 55.6 63.8 28.0 63.1 11.1 12,7 
new 1 19.5 60.7 71.7 25.0 48.0 11.2  
2 21.1 36.6 58.7 26.2 58.3 12.8  
3 18.3 59.9 46.2 52.7 51.4 9.7  
4 23.2 37.4 43.9 16.3 41.1 14.0  
5 10.3 33.2 44.9 21.5 46.2 13.3  
6 13.7 36.8 62.7 22.5 54.7 12.7  
Average 17.7 44.1 54.7 27.3 50.0   
Common average 19.7 48.7 58.4 27.6 55.2 11.8 12.7 
 
Even bigger differences of compressive strength were detected between the selected zones (from A to I) in each 
roof tile. The weakest composite is in joints (grooves) A and H-I on the average fcĞr = 11.8 ÷ 19.7 MPa. Zones near 
the cracked corners fcĞr = 12.7 MPa were also within such a low range of strength. The distribution of composite 
compressive strength across the width of several roof tiles is shown in fig. 5. 
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Fig. 5 The distribution of cement composite strength across the width of several roof tiles: (a) damaged, (b) new. 
Zones with lower strength are much more porous [7] that is with poorer compaction. 
3.2. Gres ceramic tiles 
Based on the obtained results, two tendencies can be observed. One shows random spread of ultrasound velocity 
around the average value (fig. 6), another gives an image of better compaction of gres near one end of the tiles 
(higher velocity) and poorer compaction on the other end (fig. 7). The transfer from the zone with better compaction 
to the poorer zone is gradual (smooth) which may indicate a failure in the forming machine. The tile defects 
described above are closely connected with the determined variability of material features. Lower ultrasound 
velocities were registered on those ends of the tiles which had lower velocity. This concerns both such defects as 
chipping of corners, as well as defects with delamination and seemingly minor damage observed on side surfaces of 
the tiles. Tiles without defects had velocity spreads not exceeding 100 m/s (standard deviation sCp<0.03 km/s), and 
in tiles with defects the velocity spreads were 2 ÷ 3 times bigger 200 ÷ 300 m/s (standard deviation sCp§0.08 km/s). 
  
Fig. 6 Ultrasonic pulse velocity distribution in tiles with defects, cross sections from 1 to 12. 
  
Fig. 7 Ultrasonic pulse velocity distribution in tiles without defects, cross sections from 1 to 12. 
The latter defects could be the basis for reclassification of products to a lower grade. However, the producer does 
not do it probably because the standard tests of bending force do not show any worse quality of such products.  
4. Summary 
Using ultrasound to control products formed by pressing allows the identification of products with defects to a 
much greater extent than the destructive (standard) methods used. Another advantage of the presented non-
destructive method is the ease of performing measurements and passing on good elements for sale, the testing 
process does not destroy or damage the elements. The method shows the features of considerable universality, it can 
0
2
4
6
8
10
12
14
1200 1400 1600 1800
N
o.
 te
st
  s
ec
tio
n
Pulse velocity  Cp [m/s]
0
2
4
6
8
10
12
14
1200 1400 1600 1800
N
o.
 te
st
 s
ec
tio
ni
Pulse velocity Cp [m/s]
0
2
4
6
8
10
12
14
1200 1400 1600 1800
N
o.
  t
es
t  
se
ct
io
n
Pulse velocity Cp [m/s]
0
2
4
6
8
10
12
14
1200 1400 1600 1800
N
o.
 te
st
 s
ec
tio
n 
Pulse velocity Cp [m/s]
417 Bohdan Stawiski /  Procedia Engineering  91 ( 2014 )  412 – 417 
be used both to test products with very simple shapes, as well as products with complex shapes. In addition, the 
control process can be easily automated and product classification is much better. 
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